In intensity-modulated radiation therapy (IMRT) and volumetric-modulated arc therapy (VMAT), the use of posterior oblique beams has become common. Beam attenuation by the treatment couch is not negligible when the couch is in the beam portal. In this study, we established the relationship of relative dose vs. beam angle for two Varian 21EX linacs, one equipped with the Exact couch (standard couch) with sliding side support rails, and the other equipped with the Exact image-guided radiation therapy (IGRT) carbon fiber couch. Measurements were performed using an ion chamber placed at the center of an acrylic cylindrical phantom positioned at the linac isocenter for 6 MV and 18 MV photon beams. Measurements were performed at three different field sizes (3 × 3, 5 × 5, and 10 × 10 cm 2 ), and were repeated with the phantom positioned at different longitudinal locations on the couches. To evaluate beam attenuation by the standard couch in a clinical setting, two test IMRT plans and two test VMAT plans on the standard couch were delivered. The plans were generated with the sliding rails at the "in" position and delivered with the rails at both "in" and "out" positions. The dose difference to the ion chamber was determined. For oblique fields with 6 MV photons, the standard couch attenuated the radiation beam by up to 26.8%, while the carbon fiber IGRT couch attenuated the beam by up to 4.1%. In the clinical evaluation, the highest dose difference between rails set at the "in" and "out" positions was 2.6% in the IMRT case and 2.1% in the VMAT case. The magnitude of potential dose difference has been quantified and could be used for a quick estimation of dose difference due to couch attenuation in IMRT and VMAT.
I. InTRoduCTIon
With the growing use of treatment techniques such as intensity-modulated radiation therapy (IMRT), image-guided radiation therapy (IGRT), and volumetric-modulated arc therapy (VMAT), radiation treatment dosimetry is getting more complicated. During IMRT, posterior and/or posterior oblique treatment fields (180˚ to 270˚ and 180˚ to 90˚ in accordance with the IEC 61217 coordinate system) are routinely used in the treatment of various diseases. In VMAT, one could potentially use arcs with any gantry angle throughout the 360˚ rotation to achieve a conformal dose distribution. When the beam is incident from posterior oblique angles, the treatment couch can be in the beam portal and, in this instance, it attenuates the beam. In our clinic, two types of treatment couches are used: the standard Varian Exact couch with sliding For standard couches, the sliding support couch rails can be parked at any position between the center and side (or "in" and "out") positions (see arrows indicating the position of the sliding rail, Figs. 1(a) and (b)). For more detail structures, refer to Vieira et al. (1) . The rails are displaced during IMRT quality assurance (QA) procedure so that they are not in the treatment field. However, during an actual treatment, therapists may or may not move the rails out of the field. The presence of these sliding rails could attenuate the beam and perturb the IMRT fluence for fields passing through the rails. In addition, if imaging for IGRT is being performed on patients just prior to treatment, the sliding rails may be left at the "out" position to avoid obstructing anterior-posterior portal images.
For carbon fiber-based IGRT couches, several studies (2) (3) (4) have been conducted for the attenuation properties for Siemens couch tops (Siemens Medical Solutions, Concord, CA, USA). The beam attenuation caused by the couch is usually considered small for IMRT; (5) (6) (7) however, Spezi et al. (8) showed in a recent study that an IGRT couch can introduce significant deviation between planning calculations and delivered dose if the couch is not incorporated in the planning process for VMAT. Historically, treatment planning systems have not typically accounted for the presence of the treatment couch. However, some of the latest treatment planning systems incorporate couch modeling for attenuation calculations, and recent studies have shown improved agreement between planning and measured doses when these systems are used. (9, 10) At our institution, two planning systems, Eclipse (Varian Medical Systems, Palo Alto, CA) and Pinnacle (Philips Medical Systems, Milpitas CA) were commissioned and used in the clinic. The Eclipse planning system is used exclusively for RapidArc planning and has the Varian couch models built in, while the Pinnacle system is used for all IMRT planning and couch models are under development.
To fully understand dose differences introduced by treatment couch attenuation in typical IMRT and VMAT treatment delivery and to verify the couch models built into the planning system, we designed and performed a series of tests. These tests included detailed angular measurements for various field sizes and energies and patient plan measurements, to characterize the attenuation of photon beams by standard and IGRT couches. The measurement results could also be used for validation of the couching modeling, as demonstrated in a recently published study by Wagner and Vorwerk. (11) 
II. MATERIALS And METHodS
Measurements were performed on two Varian Clinac 21EX linacs, one of which is equipped with a standard couch and the other with an IGRT couch. The standard couch (Figs. 1(a) and (b)) has two translatable rails and a grid couch insert, all made of carbon fiber, to support the patient. (1) The IGRT couch is composed of carbon fiber, and the thickness of the couch is variable in the superior-inferior direction ( Fig. 1(c 
)).
A CIVCO (Kalona, IA) cylindrical acrylic MTQA 1500 phantom ( Fig. 1(c) ) was used in this study. The cylindrical phantom has a diameter of 20 cm and length of 20 cm; it also has a Farmer type ion chamber insert located at the center. Laser alignment was used to position the phantom so that the linac isocenter was coincident with the center of the phantom, and then a Farmer ion chamber (PTW, Freiburg, Germany) was inserted in the phantom to measure the relative dose. The mean of the measured doses at gantry angles of 0˚, 90˚, and 270˚ was used as a reference, since there was no beam attenuation by the couch for these beam angles. The gantry was then rotated through angles from 180˚ to 270˚ and from 180˚ to 90˚, with measurements taken at 2˚ increments. These measurements were taken for 6 MV and 18 MV photon beams with field sizes of 3 × 3 cm 2 , 5 × 5 cm 2 , and 10 × 10 cm 2 on the standard and IGRT couches at two longitudinal positions (at the approximate level of an adult patient's head and pelvis) on each couch. (NB: 3 × 3 cm 2 was measured for standard couch at pelvis position with 6 MV photon beam only). For the standard couch, measurements were done with the sliding rails parked at the "in" position and with the rails in the "out" position.
The dose difference caused by the standard couch beam attenuation in four typical test treatment plans was also evaluated to determine clinical implications. IMRT treatment plans for one gynecologic (GYN) and one genitourinary (GU) prostate test case and two GU prostate VMAT test cases were used for this analysis. Absolute dose was measured using a CC04 ionization chamber (IBA Dosimetry, Bartlett, TN) inserted into an IMRT QA phantom (IBA Dosimetry, Bartlett, TN) which was placed at the couch location where the pelvis typically would be positioned. This evaluation was accomplished by delivering treatment beams to the IMRT QA phantom with the couch rails set at both the "in" and "out" positions. Each of the two IMRT patient test cases had two oblique beams accounting for ~20% of monitor units. For the two VMAT patient test cases, (12) the couch was modeled with the sliding rails placed at the "in" position in the planning system (Eclipse). For the VMAT test case which was treated with the standard couch, two types of treatment plans were generated. One of the treatment plans utilized two full 360° arcs, while the other utilized two arcs from 225° to 135°, avoiding the posterior angles that intersect the sliding rails. The summary of patient and beam arrangements is listed in Table 1 . Figure 2 shows polar plots of the relative dose (normalized to the mean of the measured doses at gantry angles of 0˚, 90˚, and 270˚) vs. beam angle for the standard couch at field size 5 × 5 cm 2 and photon beam energies of 6 MV and 18 MV. In general, the 6 MV photon beam yielded more marked dose difference than did the 18 MV photon beam, and the attenuation by the couch was greater for smaller fields than for larger fields. Figure 3 shows polar plots of the relative dose with different field sizes measured with the 6 MV photon, the standard couch, the sliding rail at the "in" position, and the phantom placed at the pelvis location. The minimum relative dose measured was 85.6%, 84.4% and 84.0%, for 10 × 10, 5 × 5, and 3 × 3 cm 2 field sizes, respectively. The dose difference introduced by the IGRT carbon fiber couch was more uniform, and for the 6 MV photon beam, it ranged from 3.8% to 4.8% for a 5 × 5 cm 2 field and from 2.9% to 4.1% for a 10 × 10 cm 2 field, as shown in Fig. 4 . Table 2 shows the maximum relative dose difference resulting from beam attenuation by both couches at field sizes of 5 × 5 cm 2 , with the standard couch's sliding rails out of the beam portal. The maximum relative dose difference of up to 13.3% for the standard couch (with sliding rails out of the beam portal) was introduced by the frame of the grid couch insert at beam angle between 230˚and 250˚ (as well as between 110˚and 130˚, Figs. 2 and 3 ).
III. RESuLTS
The maximum relative dose differences for the standard couch with the sliding rails in the beam portal are listed in Table 3 . The sliding rails introduced a dose difference of up to 26.8% for the posterior-anterior oblique beam at the head position (Table 3) .
For the two IMRT and two VMAT test treatment plans delivered to the phantom, the maximum dose difference was 2.6% between treatments delivered with the sliding rails in the "in" position and those delivered with the rails in the "out" position, as shown in Table 1 . The dose differences were referenced to the "in" position. Abbreviation: IGRT, image-guided radiation therapy. 
IV. dISCuSSIon
Our results showed that the standard couch beam attenuation and the dose difference introduced by the attenuation, were strongly angular-dependent, which, in turn, was affected by the position of the sliding rails. The sliding rails heavily attenuated the photon beam. With the sliding rails in the beam portal (Table 3) , the maximum dose errors for 6 MV photon beam and a 10 × 10 field are 25.2% and 14.4% for head and pelvis location, respectively. These results are comparable with Wagner and Vorwerk (11) (maximum 17.1% for 10 × 10 cm 2 field with 5˚ increment measurements). However, the dose difference of the beam at other beam angles that were not attenuated by the rails was around 1%. For the IGRT couch, the angular dependence of beam attenuation and dose difference was not as strong; for 6 MV photon beams at the pelvis location (Table 2 and Fig. 4) , it ranged from 3.8% to 4.8% for a 5 × 5 cm 2 field and from 2.9% to 4.1% for a 10 × 10 cm 2 field, which was consistent with Vanetti et al. (9) (from 3.1% to 4.4% for a 10 × 10 cm 2 field). The angular dependence of beam attenuation by the IGRT couch could be due to the difference in the lengths of beam paths through the couch at different beam angles. One possible perceived limitation of this study was that the measurements were performed on two different linacs. However, the two linacs had matching beam data (including energy spectrum) when they were commissioned and thus were considered to be identical for the purposes of this study. Although there could be minor deviations in percentage dose depth, output, or beam energy between the two linacs, our results and conclusion are not affected by these minor deviations. Output of the linacs was measured in annual QA tests at 0˚, 90˚, 180˚, and 270˚, and the variation in dose due to measurement angle was determined to be < 1% for both linacs.
The dose difference introduced by attenuation through both linac couches also showed dependency on field size, entry position of the beam, and photon beam energy, as illustrated in Fig. 3 and Tables 2 and 3 . Attenuation of the photon beam was slightly higher for 3 × 3 and 5 × 5 cm 2 fields than for 10 × 10 cm 2 fields (The minimum relative dose measured was 84.0%, 84.4% and 85.6%, respectively, for sliding rail at the "in" position, 6 MV and pelvis location). However, the smaller field size is more sensitive to angular change of the gantry; a small gantry angle change could lead to larger dose difference for 3 × 3 cm 2 , as shown in Fig. 3 . This is due to the fact that the beam opening for a 3 × 3 cm 2 field (1.7°) is smaller than that for the 10 × 10 cm 2 field (5.7°). The attenuation of 6 MV photon beams was higher than that of 18 MV beams (maximum dose difference 14.4% vs. 9.2% at the head position for 10 × 10 cm 2 fields). The dose differences at different measurement points on the couch (i.e., head and pelvis) was negligible for the IGRT couch; however, because of the design of the standard couch (Fig. 1) , the positioning (head vs. pelvis) could also affect the magnitude and angular distribution of beam attenuation by the couch.
For the two IMRT patient treatment plans which had two oblique beams accounting for ~20% of monitor units, we observed an ~ 2.5% dose difference to the ion chamber between treatments delivered with the sliding rails at the "in" position and those delivered with the rails at the "out" position. For the VMAT test treatment plans delivered with rails set at "in" and "out" positions, the dose differences between treatment plans delivered with rails set at both these positions were 2.1% and 1.1% for the 360° and 270° (from 225° to 135°) arcs, respectively, as shown in Table 1 . Based on these patient plan measurements, ~ 2% dose difference could be expected if the treatment planning systems were not commissioned to take into account the couch modeling correctly, or the treatment was not carried out as planned. There are several contributing factors to the dose difference: 1) dose difference due to rails in the beam portal being sensitive to the beam angle, 2) 18 MeV were used for posterior oblique gantry angles in our IMRT test cases, and 3) only ~ 20% MU are from the posterior oblique beams for our test cases. Therefore, although in the worse case, the dose difference could be estimated to be up to 5% (worse beam angle, 6 MV, 20% MU), we measured a maximum dose difference of 2.6% for our clinical cases. If the couch model is not implemented in the planning system, we recommend avoiding beam angles between 230˚ and 250˚ (as well as between 110˚ and 130˚, Figs. 2 and 3) for the Varian standard couch.
In addition to lowering the treatment dose from certain beam angles to the target area of the patient, the treatment couch increases the skin dose because of the buildup effect, as shown in literature. (13) (14) (15) 
V. ConCLuSIonS
Dose difference resulting from beam attenuation by the treatment couch could be clinically significant for patients treated with posterior and/or oblique posterior photon beams, particularly those patients treated with smaller fields, such as those used in IMRT. We have characterized the dose difference due to couch attenuation of two Varian couches through detailed angular measurements with different field sizes and energies, and demonstrated that for IMRT or VMAT, an ~ 2% dose difference could be expected for GYN or GU cases if the treatment couch was not included in the planning system or the treatment was not carried out consistently with the plan. Our results further indicate that IMRT QA tests should be performed with the couch rails in exactly the same position used during patient treatment. This practice would help ensure that the QA results reflect the dose the patient actually receives. If possible, couch parameters or corrections should be included in treatment planning systems, and beam angles should be carefully selected to avoid underdosing patients.
